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1020030034500 %:% 2003/11/18 

[iL^Efl#*J-^-] ^wiJL 14 

#7l 4# ^(15)^ ^ * #-^£r TllolH ^«S^-(19)oH ^Sfl Hcx^l 

-H, #7l 711 °1B ^^^"(19) #<H1 #7l c-flol^ ^^1(13)^- 71-^^1 

^91(21)°] tiH^mcf. #7) C-flolBf E}-°1(13), #7l tf^ E^^ ^&$\m(12), #7l 
^SE^l i,= (5) ^ #7l *fl<H ^<?](21)^ #7l ^ ^^*Vcf. 
[iL^^^l ^^Jl 19 

[i±3^-§-] 

^l^i^, #71 *flo} E^l^r #71 sfllg #ofl ^ltt #71 cflo]Bf Ej-o]^ 

7>S^11- ^ olnfl, #71 Tflol^ -fr^S^ <^#5l^ #71 cJMH 5} 

^4 #71 *1H ^ A >°H1 7l]^^Cl-. O)^ CfSTll, #71 ^Kl^r #7l 

sfl€3 ^ 5^. #71 C-flolEl- SKluZl- #71 e^^- # 

^ 51]^ AVo]^ iii ifl^ol tifl^ ^ ojcf. #71 *fl^£- #71 Cf# Sfl^ 

«MW 3^ 3<>1 W^^Cf. a^S. # 7 1 Cf^ sfl^o) ^tfl aVo) # 

71 711 °1M #?i -8-^^-4 #71 ^ ^>°H1 711 ^€ :^H*|» C-l ^ & 

Cf. #71 ^3£flolA-l^ i£^n|0.^ ol^-O^fe ^ W>^§>Cf. # 7 1 1 

Sisgsj ^El^El^^S. ^^JI, #7l ^211 ol^ ^ 2 £^ 
5L*g& #E|^^€"^S. ol ^ olcf. #71 ^Li/i=31<y <=§ 
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1020030034500 2003/11/18 

[Ji^cfl^s.] 28 

A o v 7l ^|1 ^(117) ^M] sfl€(124) ^ 3fl 112a) <>1 «ti*l 

Hth aj-7) cff, 3fl€(124)^- 7))o)B. ^^(i03a), ^Sel^l i^JEL 

(105a) ^ 3^3^ ^ifl^(110a)^.S. #7l =£7} £-h] Bfl€(116)^r 

^z\SL3. <£^$\o] *l^tr 3fl^#(124 ( H2a) ^ojofl 7 fl^£l<H #7] *||^§- 

(124,112a)# ^^AlTjcf. ^-7] Tfloje 2fl^(103a)^ ^Bl^r3)-^-°.S. 

<t $L£.^, A oM 2ti=(105a)fe #3^5^^ ^ # 7 } cf^ 

3 ^^^(110a)^r #^ r 7 r ^ aV^a} o_s ti>£^l sim(107a) B-| 

^ ^ 2fl€(tunnel insulating layer; 108a)* itrtrtr. #7l cf^ E^^th ^ 
3fl^(110a)^ (utmost top layer; 109a)£r A o v 7l sfl^(i08a) 

#7] tiV£*fl 3flEi(i07a)^ ^ ^"71 tih£*fl 3iflii(i07a)^: ^tfl, f^^ 

^€•^5- ^ 9X^. A o v 7) tfM. 3fl^i(108a)^r ^7] ^€(107a) 
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1020030034500 #^ 2003/11/18 

[Ji^tfl^s.] ^t^Ji. 39 

A oM lc=(l05a), #7l iii 5fl^(112a ( S^r i^M^ efol 

(120a)) A o V 7l *1H &t-<a(132a)^r afll £^£l Jl, #7l aV^l 

5fl^i(109a) ^ #7l >i5lM*l(128)fe *ll2 ^ &t±. o)o\] 4 

£1-, ^-71 ^o}Ai(i28)^ H^-^b ^7} ^ *m <8^£| <^^9l %7] 3Tfl 

£ 6-1- #7l ^12 *>S.4^3^"(122), c-fl ol e}- £^bV(120), ^^Li £ 

*Wll2), cf^ Hl^^^J- 3h3*KllO), £.^^-(105) ^ 711 olH ^^^-(103) 

^ £^r3-°S. sflE^^>^ 711 o]H ^11(126)* #7l TlMH sfl^^ s^s. 

4# 3flH(124), diiLi ifl€(112a), ^1 ^1 eKl(120a) ^ ^flU 
(122a) -2.5. i^-*Vcf. ^7) t\%- sfl^(i24) ^ ^^.^ zfl€(112a)^r Si 3$ #7l i^f 
^■el 2flia#(116) AHofl Hfl^E|jL, ^-71 HH&|- e)-<y(l20a) ^ ^KEl^H sfl€ 
(122a)^r #71 ^«J-t ifls) a 0 > 7 ) 3fl€l-(112a) #^1:*}- ^^4. #7l cfl 

°m e}oi(i20a)^ #71 *fl2 <3^*(118)4 ^*>4. *«€U24)£ 
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1020030034500 #^ 2003/11/18 

TIME sfl€(103a), ^£33 2n=(105a) ^ 4^ 4\t^ 

(110a)* 5£^-tb^. e^^^- ^Jfl^(llOa)^ ^^<>>7>^^ a}4^l°S 

&5L^) sfl€(107a) ^ 3fl€(108a)^-5. ^^4. #7] 4^ 

Q ^sfl^(iioa)^ 3#-¥-^(109a)£ #7} <&3E*fl 3fl£i(i07a) IEtt #7} e^ ;g<£ 
sfl€(108a)-<L5. *r 5U4. *H^(112)°1 3^-, #7l tiMs 

4^(1203)^ #71 cf^ Ei^^^- 3-3 iH^(HOa)^ ^#?b4. 
[Ji^tfl^^-] ^t^Jl. 54 
[i^U-Ul 33 
[iL3^-g-l 

^-71 711 o]b ^€(126)^ tfl^ #7l TflolH -8-31 «K 130) 4M1 i 

*1M>H(128)# #7} i*ll°H(128)^- JE^ilS. ^^4. ^« £ 

^ ^ °l"fl, ^"71 i3l°M(l28)^r #71 tiV£*fl 3fl 

€-&(107a)4 ^^tl e}^4 ^ $14. #7l ^lolA-l(i28)^ ^ 

[J^^l 33 

[iL3^1-§-] 

#71 i£E|3 ^JEL(207a) 3i7l-i-ol ^ 7 fl^- , #71 *(1<H 4^1(221b)<Hl 

^17>S1^ HS^^j S-^^l^, a> 7 ) ^ £ slxl ^=(207a) vflofl 3*1-1- 

°1 **fl«M 3-f , #71 7\}°\ 4°J(221b)^l <?l7>£l^ ^^'ShS: ±.7] ^-^^oj- 
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#71 *M g^^tf^ ^ ^ S-^^H, #7l iii/Eefl 

<*] ^^#(251a,251b)^- ^#EflS ^Al^l^ >H1<H eKl(221b)^ #7l i^. 

31 #%>-=- J ^t^jg. 75 

£ 8 « £ 10t % v 2:*>^ , «KE31 71^(200)^ 4:3 ^^H *#^^(202)-ir $ 
3*Hr 4^7fl^ ^ ^€#(203)* ^#tbcf. #71 ^7} ^-S] ^#(203)^ 

^, 4^ ^3. ol^^ol Hfl^l^cf. ^-71 %#<3^(202>S: SI 3^- # 

71 i7> ^-s} ^#(203) A>oHl 7 flXfl€ XU <3<*(201a) ^ #7l XU <3^(201a)2l 
°<HH tt ^ ^12 <^l:(201b)S ^#^cf. #71 %V ^ *f|2 

#(201b)£r #71 4^ wfl^l^ 4^7^ XU ^^#(201a)^ °o^^4 ^4 

[i^cfl#^] #«JwiJ: 80 

#7l XH £^sv(221)^r XI 1 51*1^ #e)^el^-^S. ^ 

#*>JL, #7l yV£Xl 2flH : i-(209a) ^ ^*ll°H(219)^r XI 2 51*1^ J£^§ 
€ ^3^.2.3. ^#^& ^ SU^. oHl icj-el-, ^31 m^^liE^ ^-^^og-o] -3] 
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*fl 1 %H1 Sl^H, 

^-71 5^1 ^-71 Sfl^ ^Hl ^^1*1: -*7l C-flolEj- 2) 

2 %H1 SI^a-1, 

4i7> sflHH-S- ^31 O.S ^-7] sflElJll. o]^*> 4>7l 

nf^ 3flH^ ^32f ^#*Kr 53 # f^JAl ^ 7>^*1 27H^1 H^H^liEi 71 <^ 
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[Ji^ifl-g-] 

*ll 8 

[Ji^tfl^^.] 16 

[J±3^-§-] 

*fl 14 %H1 5^1, 

AV 7 ] ^ ^Ed-§- tiV£^7l^; ^ ^-ofl o] H^nKg. ^ 

#31; ^ 

o. o.^ sflE-^}^ *fll ^ Aj- 7l rq.* 4>7] rf* sfl^ 

^lM-^ 5^o]o_ ^7)11- Sl^Kr ^lO S ^ ^^7>^tb 27fl 
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1020030034500 <£t\: 2003/11/18 

[ti^cfl^s.] 19 

*H 18 SZ<H*1, 

3* ^^.S #4i7>^tb 27fl^ B^M^i 71^ 4i7>^ . 

[iL^tHtf^-H-] Sjj^J- 25 

*ll 24 %H1 

A oM i^ojA^ ^2 1E^€ ^^^e)suT-o_^_ t^S}^- 3}^ J* 

3 £.3. ^7}^*V 27fl^ B^H^l^Bi 71^ ^7>S] 
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[Ji3*fl-8-] 
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mm 



0 3 OS! 
27 m 973,000 5! 
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^ ^ ^ IL^ilS. ^l^-^^l^ iii/=ell < ?l ^-i-ol afl^l^cf. ii^-^/=efl<y 

£ 3 
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^±7}^ 27fl^ H^^l^E^ 7l<^ ^} ^ ZL ^^«o v ^{Scalable two transistor memory 
devices and methods of forming the same} 

5- l^r #Hfl^ ^4l7rW 27fl^ S^M^i 7l<^ ^}$] ^ ^ ^£^1 

5- 2^ ^ ^Al^ofl 4 = STTM 7l<^ ±.7fe q-E}-iflfe ^^£^14. 

£ 3^r £ 2^1 STTM 7l«^ i/}t M-Bj-iflfe- ^r^^olcf. 

5. 4 vfl^l 5. 7^r 5. 3^ STTM 7}<$ i7}2] ^^ H o v ^^r ^ & ^^l^l 

£ 8£r Cf^ ^A]^l^ icj-S STTM 7l<^ i7ff M-El-tfl^ ^r=o]cf. 

.£ 9^ £ 8^1 STTM 7}<* i7}f <4e}^ ^^l^K 

£ 10 Mj^l 5L 15^ 5L 9^ STTM 7)^ % ^ ^ * ^*>7l ^ t!: ^:^£l: 0 l^f. 

i*} ^ rz. ^^^^ofl ^-tr 1M*1, ^^7}^ 27fl^| 

7}^ ±.7\ ^ 3. ^U-SH ^ 
^(DRAM)£- ofli^CSRAM)^ ^ 7l«^^Hl ul*H ^^j^f t^o^ £ 
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1020030034500 #^ <Qx}: 2003/11/18 

%}$7\ A^^r. ^7] 5-B(stand-by modeHH ^i^^S7> ^7>*lcf. 

ylnflS., #5fl4=l ^12.^^>^ ^ ti]^^ ^l£^^^>^ 7]^ -t-i-8; elSefl^ ^ €-3-7} 
#$-8: ^-elM-, «1?)1M3 71^ H#-§- SSzl^aI 7]7iM- ^7] a] 7l7) ^ 

^ ^15,952,692^^1 Vfl^i^ tifleH ^^1» g±± 7 ]<q^y<^ x\)^SL3. 

^7>7>j£.(Nakazato) ^1 ^«fl 7lHs} «> oicf. o]e.]^ 7}<* ^7}^ iLtf ^ 

^7p§^ 27fl5l B^H^l^Ei 7l<* ^7>(Scalable Two Transistor Memory device)^ ^ ^ A^. 
l-el^-7l£ tM=f. ^1 7l<^ i7f^ ^ «1?1^, ji^ ^-3)-, ^ ^ ^S. ^ JI^ 

<10> £ 1^- ^EflSl ^^7]-^^ 27fl*l H^^l^iEi 7l^ ^7>£l ^ J±c<^^ ^^o] 

A. 

<n> JE 1# oj ^7].^ ^ ^o. jg^. e^*)^ (planar transistor) ^ ^ 

^1 H^H^l^iBl (vertical transistor)* if-tr^f . ^7] H^M^Elfe «>S.^l7l^(l)^ 4i 

^iS. o]^^ ^eflo] <3<*(i7d) ^ diJL^ ^^(I7s)^, ^-7] JELeflol <^ <* 
(17d) ^ ^^-^ ^(173) 7,>o]^ ^ cggl ^ yfl^s} ^Se|*l ^=(5)1- i^-tr^r. ^"71 
i^/JELell<y <83S(17s,17d)£- <#7] HVi^l7l^(l)oll ^«a*H # 

^#^-^-5.5. o^o^o^ ^-71 ^.ell^l «3^(l7d)£- ymer^l^l *fl#tr4. #7l i£2l^l ^ 
S.(5)fe #7}2\SL2. Jl^sH o^cf. ^-71 ^sel^l ^£.(5) ^ ^-71 A>olon^ Tflol 

— ^^^(3)^1 7fl 7fl ^Cf. 

<12> a o v 7 ] ^JEL(5) ^ E^^^- #^sl|fi (multiple tunnel junction 

barrier pattern; 12) ^ e|-<y(13)°l *Hl3. ^f^tf. # 7 1 E|^^^ 2fl€(12) 
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# B^^tJ- #3 ^^(12)^1 #7} E^^^#(9)<^ ^ oit} 

t}. ^>7l i£E]^l i^EL(5), ^ E^^ ^ sfl^(i2) ^ cflojE} e]-<?l(13)^ ^ 
(multiple layered pattern; 15) -i- T^trt}. 
<w> ^-71 cf^ 3xfi^(i5)^ ^ TllolH #?i ^<£^(19H1 ^l*fl m^ji, #7) 

Tfl^lS ^^Sf(19) ^ 0 H1 ^"71 C-llolEf 5^-01(13)^; 7}5L*\1eL±; 7%o] ^o](2l)o} tifl^l^Cf. 

A o V 7l C-flolE} E>Ol(13) ; E^^ ^2)1^(12), ^-71 ^m^X] ^J=(5) * #7l $) 

<15> t>r£f ^ #Hfl 7l#^l rcj-eig, Aj- 7 ] ^a/c^o] <3 ^l"(17s, 17d)£r 

^#^T#-<15L ^^€^r. °1S ^-71 ^ ^ ^7l7> ^ ^^-JL ^- 7 ] ^ 

^/I=efl<y ^^€-(17s,17d)^l ^^l^ol <gs).^ ^ ^icf. t}A] Aj-7i ^ 3 

7l7> ^7>^^]El-£, Aj-7] ^^^/=e1)<y <3<*#(17s,17d)#2l ^^]^^ ^j^]. s ^^i] 

l^o] Ol -J771- <5>^ 7^ 
<16> £ ^o] o]^j7Xl- *>TT 71^21 2f^]^ ^0,^/^eflol c^^S-tJ-o) ^^1^ Ji-Aj 

# U oMt ^ 91^ ^7>^tt 27fl^ H^fl^iE-1 7}^ ^7>1- ^^HrC-fl $1^ 

<17> vVt$o) O}^^} f>}^ Cf=- 7l#3 ^J^/JEL^ ^^l^s S-Aj 

^Sr* y oM^ *r ^i7V^*V 27fl^ B^M^ 71^ 4l7>o] ^Hj-tt^ Tfl^-^^C-ll 

9X^. 
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#^tr 7l^^ n^}7] ^^7V^*l 27fl^ H ^j^Ei 7 ]<^ ^(Scalable 

two transistor memory device; STTM 4i^f S-V^-^)!- ^ll^trcf. °1 ^7}^ ^SalM^^I 

*i<£ sfl€, ii= ^ E^^tJ" ^ ^Hfl* ^tH=r. ^-71 ^ 

A o v 7l a(]2 ^^#4 sgsJtr rHojE} sl-olol tifl^JL, ^o]s. ^7} ojJf^ 
^7} ^% 2fl€ ^-71 tt ^ ^2 <%^% 7}^)^ E}o]o) 

€^T. ^"71 *|H 5}o] ^JjLo] ^-71 %^°j<*j<2] ^^0.5. ^l^H^l ^ S-2fl°J 
°1 #7l t}^ 2flEl^ o^oJl ^ tifl^SlCf. ^7} ^ s}9±i\- ^7} t\%- 

^I^cljl, ^-71 *1H Hr<y^ #7l ^Hl ^*ltr A oM t-lHEr Hf<y^ A o VJ f"I- 

$3)^ *r £1^. ^"71 C-flolE} e|-Olal}. # 7 ] Cf^ Ei\t^ 3flH A}o]o|j sfl^ol Bfl 

^ #71 sfl^ A 0 v 7 ] ^ ^^^1 ^^-i- 

^r>cf. ^<^£ Aj- 7 ] ^ Sflli^ ^ ^V 7 ] ^ojH ^-^^ Aj- 7 | ^o] a}.o] A>olofl 

7fl^fl^ >l2llolA^|l. d £ft ^ °itf. ^7l i^olA^ S^SVO.^ ol^O^^l^ 7$o) U}#^ii>\ 
A. A o V 7l >i5llol^^ ^fll 5L^^^1 ^^#1:5. #Sl^&l€-^^ oj^ol^ZL, ^7l ^1 
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H.Efl<y ^1:* H-gr^l^l^ #7} A% ^ Si^l^lfe 

dfcTl ^^^^ ^ ^^dM ^ w>^3j^. SE$, ^-71 ^ 

^/=eflo] ^^-gr-g- €^171^ ^^^<y-& ^-71 zflEi^ ^tfoi ^ o^-g- Ed^A] 

^#t!r if^S ^M^>7l W STTM ^7>o] ^^wj-^ o. ^^^Vrf, oj vY^ 

*\)7]$;0\} <3*j-4 ^-71 *fll <#^3f ^^*>J1 *\3. tb ^ ^12 ^ 

^€ fH3*Hr ^<=>]S. 27fl^ i^} ^e] ^o]5L ^7] m <g<*j >8-ofl tifl^l 

€ tj-^ ifl^g. ^*Kr ^rTjll- S^-ttcf. ^-71 2fl^ ^ *lM^r t-flolEf e^-o], ^o]S. 

^7) 4^ ^-»MM^ Si ^>7l ^ A oM ^2 ^^1"* 7>S^lfe *1H 

sKi ^, oj^ofl a c v 7 ] *)H eJ-Sl A cM a^^-S. s^^i ^ 

^*H3 ^71 4i7> £-e} 2flE4-4 afl^ ^S^Rr #7^ te^l7l^ tfofl THlo] 

B ^£E]*1 51*1^ ^ t}^ E^^ *HliiL ^*Hr ^7411- iff ^ 5U 

4. A o V 7l Cf^ Ei^^tJ- ^S&M 51 ^\ 711 olH ^ ^-£^]7l^ o^^^o.^. 

3fl^*}o} ^1-71 tl^Rr 27)1^ H^^l* ^^efji, ^-71 A 

^B-f^ 4l7> ^ Sfll^ ^*Vt}. ^-71 Cf^ E^^ ^JSLE^l ^ TllolH 

*]<3nKg. cg^^o.^ nflE^^Cnj ^V7l ^1 ^-ofl ^ sflU , ^£E)^ ^ = 

^ <W E^^^- ^ 2fl^0.5. ^€ 4^ ^^W. ^1H ^^*>7l ^ 

^71 t\% 3flEi ^ C-flo]^ E+o]^ ^ tiV£^7l^ ^Hl 711 o]H -a-^^* 

^Tjll- V\ ^ o^Cf. ^<^i ^- 7 ] 3)1^0] AVJfofl cfl*^ ^j-71 Tfl H ^ 
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# -n-^^l ^Hl iJ4|°HS- «g#*|.^ ^ u\ ^ 5U4. olufl, #71 i^H^ £^bv 

^ ^ A oM ^H/^ Tfll #^^^s^-o.S «§ 

^Tfl, #7] ^7} ^^34 Cf^ SHH^: ^#*Kr #7^ tiV^^l 7l^ i 

^"71 *^°<^# tb^Rr 27^ iX} 5fl^* ^#*H= #7|1» 

*T $14. «}£^7l^ #ofl TflolH ^<g^ ( iMSM £^ ^ Cf^ Ei^^t}" ^^-i- *HlS 
^ A o V 7l t}f* 3^3^ ^SSl^l 5E*1^ ^ TflolH ^<£^ Q^t^SLS. 5fl Ei 

^sH ^li ^Hl #71 4^ <g#$tK 

A oM afl<H °<H?3 #71 »12 <3^# ^ ^*Kr cl 

0 l*h s^M- ^-s^H tif *v ^jahm- #Afl«i ^^^ 7 ] S ^ 

cf. neW, £ oj7H ^sq^fe ^^liti ^3*1 Sai 4-g- ^EflS ^l^Hi 

ElJl ^7Hl7ll ^. A>AVol ^ ol £ S. ^7] c-^fl a^JE) <H*lfe ^ojcf. 

£^*<=H1 3X°\*), %■ ^ ^^1"^ *M|Sr 71*1- 7] Jfl*H 3f#£l^^i JE&th 

*W # S^r 7)% »#«6fl 5U4^ a^^r ^ f SEL^ 71^: #ofl 

3^ 4 s $Z7li4 Stt *>°H ^30} ^o] 7 fl 7 fl^ oicf. ^^ofl 
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<25> £. 2^ £ <g ccf^ STTM 7l 4 i^}f 44^fe ^^Jl, £ 3-8: £ 

24 STTM 4 4 4i4» 444tt ^-^£^14. £ 3°fl &44, ^-f-S. "a"^r £. 24 I - I 

44 ^44 44£°l:n, "b-^ £ 24 n-n'-i- 44 4*H4 ^Si^-s. 

"c-^r £ 24 m-m*# 4-2} #144 ^:e°14. 

< 26 > £ 2 ^ £ 3# Q^-sy^, 1^4 4 ^MH 4-E- STTM 44 d^Rr tiVH^l7l^r 
(101)31 ^44*^1 «U444 *^*8^(119)* tr^*Rr 4^X14 4i4 3-4 ^^#(116)* s. 

4-4 i7> £4 3fl^ (116)^8- 5g^^o.S. ^^^fl°H, ^4 4^-g-g: 4"4 tiVS.^171 
4(101) 4°fl B314(115)# 4£4. #4 i7> £4 ^€#(116)^ *I1M3=, ^ 1 4 

tg=-g- 43. o^s]^ tifl^^4. 

<27> av 7 ] ^<8^(H9)^. 4^7fl4 XU ^#(117) ^ 4"4 XI 2 ^^#(118)5. 

*T 44- 44 #4 *H2 °<§^1-(118)^ 44 14^4 E^-O] ^Eflojt^ ^-71 ^4 «- 

4 3fl€#(ll6)4 4^4 «B4^4. 44 2^- ^^^-(117)^. 4^4 #4 ^4 ^4 
*Hfi*(ii6) 444, 44 4"4 Xl2 ^^#(118) 40H 4X144. 44 414 
XI 1 ^#(117)4 4^ 44 47] 4 ^-4 XI 2 ^^#(118)4 ^#44. 

<28> ^1 44(117) -S-6JI ^#4 4^ 44(124) 4 3xfl^(n2a)ol afl444. 4 

4 4# 44(124)£r ^#4 7114H 44(103a), iS.44 ^=(105a) 4 4# 4 

4^ 4444(ii0a)iis ^444. ^71 ^4 ^sl X14(ll6)£: 4444 ^l^tb #4 ^4 
l:(124,112a) 4<X4 711X144 #4 *H€#(124,112a)-i- 3 44 44. 44 44B 44 3fl4 
(103a)£r 4^444 °1^4 4 ^ 4^4, 4-71 ^£44 ^<=(105a)^ JE44 #444 
^-44 ^ &4. 44 4# 44^4" 4444(ll0a)^r 4447}44 443-^5. 4^4 4£ 
4 3fl^(i07a) 4^ 44(tunnel insulating layer; 108a)^r 5E.^tr4. 4"7l 4^ 4 
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^3^" ^sfl^UlOa)^ ^^^(utmost top layer; 109a)^r #7) 3fl^(108a) 5E 

-8-71 3fl€(107a)«a ^ A <M aVS^fl 3fl^i(107a)^r «m^tfl, £^§€ #3^^- 

^ ojtf. ^. 7 ] ^ 3fl^(l08a)^r tfH€(107aH °fl 

A oM ^£^1 4€(107a)ol ojifo^ 7£°- t ^7} «K£;*ll ^fl^l 

(107a) ^ ^-71 ^=(105a)^ ^ ^ oicf. t}X| 

ltn*\, ^7} iMel^l ^JE.(105a)7> n-type^ 5L^§ ^1 Zl , #7l »}^) sflU(107a) 

°1 p-type^l Ir^l-S £^§€ 4 1 ^7} tJE.(105a)7> p-type^ 

S^^JI, ^7l til£^l sfl^(107a)^l n-tpye^l 51^ € ^ $1^. #7] 4i 

2fl^(112a)^r S^d^S o] s^^q. £3 §£l =0^^ ^ 

°H, A oM sfl1i(112a)£r ^7] in.= (105a)^- ^ A'QS) 

#7] ±SL±l *U€(112a)3 ^q-^ ciHE]. 5Kl(120aH wfl^l^cf. #7l ^0]^ 

5+^(1203)^ <#7] <i« 0 >W ^^§>cf. ^ ( c-Ho]Ef ^^l(120a)-B- ^71 ^ tifl 

4^7fl^l ±SL^ sfl€-&(112a) ^Hl tifl^slr}.. # 7 ] ±SL^ ^^(112a)°] ^€ 

A oM cflolEf 5}<y(120a)£r ^>7l cf# ^^^(124)^ ^jh^s.^ ^^^cf. ^-7] c-flol^ 
5+^(120a)^- SL^SLS. o^o^cf. 6)]^. £3§^ 3^ ^-#bVo.S o]i=L 

^ 5atf. ^71 c-flol^ s]-^l(120a) ^Hl 5}£f}i3 5fl^i(122a)ol wfl*l€ ^ A oM 
^ D li3 5fl^i(122a)-gr ^^s^iLS ^l^M^ ^ ^cf. ^oM ^€(124), d^SL^ 

^^(112a), cflolE]- e]-<y(120a) ^ ^n} i3 2|]Ei(i22a)^ 7flo]e S|]^(126)^: ^tb^. 
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<3i> £ 2 D ^ 3i , #7l 7])o}^ n&(l26)2) ^t-I 7}S^h^ 

5}-<y(132a)°l tifl^l^^. #7l *)H 5}o}(i32a)^ ^71 cf# 3zfl^(i24a)^ SjI, #7l 

# ^ 2 ^^1;(118)# 7>S.^l^cf. ^-71 *1H e^(132a)2]- #7] ?)Mh 3flH(126a) ^r°l 

#71 *1M ^<?](132a)5f ^"71 #^<3^(119) a}<>H ?1HB. ^-^i^(130)o] yfl^T}. 

^"71 *1H ^<y(132a)^r JE*!^, <*fl» JE^§€ t-^e)^ l-e)A>oicni-o.^ o]s 

<H ^ 4 s 5U^. ^7) TllolH ^€^(130)£- ^^H^ilS o]^o]^_ - ftt±. 

<32> #7l 7fl°lJ= jrflHi(126)^ ^ ^ A o V 7) 7|MH #?1 4r ^ 130 ) -4 #7} ^}o] e}o] 

(132a) *\°}°\) ^1°H( 128)7} tifl^ ^ ^cf. #7l iij) o] X\ (i28)fe 3<H5. cf^ 

(124)^ ^ofl tfl^ #7} 711 °1H #?I -fr^(130) «ti*l€ =T »tf. ^o]X\ 
(128)^ 5=3l^, ffl, H*g^ o]^o]^ + ^rf. 

<33> A o V 7 ] x E .c( 105a)) Aj- 7 ] Cf^ &| ^ tJ" ^3fl€(110a), ^7l i^.^ sfl ^ 

(112a, cflolEf el-ol), ^3JflolA-l(i28) ^ »H eKl(132a)£r H^l^E^ ^ 

^cf. cf^ Ei^^- ^sfl€(110a)^ ^ ^Hl #7} ^3)]°]*](128) ^ #7l 

<H ^ol(132a)^r ^-71 ^2] H^^liEi^ 7llo]H°A «fl^>JL, ^71 tff> ^ ^ ^ ^ ^€ 
(110a)^ ^ ^ *m ^"^Hl sfl^W. ^-71 ^ °m^r -^71 H^fl^l^ 

<34> Aj- 7l cfA 3flBl(124) ^H 1 -^ #7} 1-^^^(119)^ 5L^^1 ^ *fl^ <8^(140)°1 wfl^l 

#7l ^ ^(140)^- ^ H^H^^E^o) ^^cg^ofl ^fl^tr. A oM ^ 

^(140)£- E}<?1( 132aHl HS^^ £E^r ^ ^•^^^1-* <?}7}-*H €^r^-Bflol 

^^1 4 v Efl( inversion state)7> ^ ^ ^1^-. ^7} ^-^^^ ^7] i£E]^] iiH. 

(105a) ^1 #7.}^°} ^r*m^, #7} ^ <^«(140)^- tiV^ ^-Bfls. ^«r*>^ ^^^i^ 

51-12 



1020030034500 #<3 2003/11/18 

#7l ±7j #7l ^S5]^l ^J=(105aH] ^7fl*W ^°fl , #7l J§ 

^ ^^(HO)-g- ^ #EflS ^€r*>^ #7l -g-^*!^ #7l i 

7] ^# 0 *H fetf. 

<35> # 7 ] ^ <^^(140) <#^H #71 *H ^(132a) #7l »#«8^ 

( 119)3] ^ <3^(145a) ^ 1=31°] <3<3(145bH «fl^l€^. #7l ^^i/^.efl 

Si ^#(145a,145b)£: #71 %#<g^ (119)2] ■ #7l ^ *fl^ <£^(140)4 -fr*>* *8 

Efloicf. rfAl ^«fl^ f #71 *)H ^(132a)<fl #<y-°l S]7}€ #7l iiLi/JEl 31 

91 ^-&( 145a , 145b €-8: #Bfl^l ^ #Efl (inversion state)7> £4. o^i- h}c)1s, # 
7} 2KI(132aW #^1 <?]7}£]*1 , #71 ^i/=eflo] ^ ^^-( 145a, 145b) ^ 

€-2-5. #Efl7> £4. #71 ^i/Hefl^l °j (145a, 145b )^ ^ n# A>o]ofl 7 flj^ # 7 | 
^ ^ ^^(140)^1 ^ofl 3 4=^4. 

<36> #71 ^^^/£Leflo] ^«l-(l45a,145b)^ l-^S^f-g- ^^1 &tt4. 

3J, ^"71 *fl^<8 3(140) #71 ^^3(119)4 S.^} nfl*m4. o]o|| aj-s}-, #7l 

^^/=eflo] <3 1- (145a, 145b) 4 2°^ Hl«H *fl-f ^4. ^4, 

4#*°-S ol^oi^i i^.^/=efloi cg^s- 7J-21 £*l^f- s-^°] #^1^ ^ 5a4. 

<37> #71 ^.i/JEL^ ^^l-(145a,145b)^ #71 ^ B«^44 ^^/c e flo] cgo^ 

*fl#tl-4. #7l S^l^xf #7l iS.B]4 ic=(105a), #7l cgcrfs. 

(145a, 145b) ^ #71 ^ ^ <^^(140)* StH!:4. # ^^44 i^JE.(105a)<Hl ^]7>£l^ # 
#71 s}°J(132a)1 ^4tt ^^#^1 -n-7l^ # o a-*°14. 

<38> #71 iii/£efl«l ^^l-(145a,145b)^: ^##^5. €*H7l4 4«H #7l 

4<?l(132a)°11 ^^.i/^efl^l ^*m<>14 ^4^:4. #7l ^^^/^eflo] 
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^&<&-& #7l £ ±7] S-^tf^ «1*M ^ ?H ti>^^>cf. SEtb, #71 ^SL 

^/5L$)91 #7l Sfl^ <3<*# H-^l^ ^3] ^ &&#<So\} ti^H ^ 

^o] ti>^^iq.. a*!-, #71 ^ g-^^^r #71 S.3.=L*» ^^iti *1*H ^ 3 

°1 «>^^>4. #71 ^ *fl^ ^^^^ av 7 i 4^ E^^tl- #^^l€(110a)^.S 
#71 ^i/^.ello] ^*I*H1 til*H ^t]] ^ clef. 

<39> tHS, #7l iS.el*l ^£L(105a), #7l ^^.^ 2fl^(n2a, JEE^r $1°}^ 51-^(1203)) ^ 

#71 Hl-<?](132a)^r ^11 £^^^1 S^^Jl, #7] *}-^l 2fl^(i09a) ^ #7l 

^3)1^1^(128)^ all 2 ^-§-3. ^ ojef. oHl nfE)-, ^>7l isfl o}*\ (128)^1 ^ 

#71 ^3 <3<^ ^^-^-o] #71 a>5^1 2(l^s.(i09a)Sl ^>ol 7 > \+cf. 

=L #71 ^ sfl^ ^E^^oj-ol d^- ^7>m ^ 

<40> ^ el-ol(i32a) #7l *fl2 ^^lr(118) iflofl z}-z}- l-^#^-#^( 147)^1 tifl 

^l€4. #7l l-^#^-###(147)^r H« A>olofl 7 fl 7 fl^ a c v 7 1 ^o_>, ^(145a, HL^ = 
°J^(145b))3l- #7l l-^#^-##l-(147) * #71 ^i/^efl^J <%<*^r 

(145a,145b)£: wlHel-tl ^ ylHw} e+<?l(bit bar line)^r ^^=k ^1 , #7l ^ 

o} ^)2 oj^s. (118) ^ AlHJj^ ^12 <^(118) ^\o\) afl^l^ #71 ±SL^ ^^#(145a, SE^b = 
eflo] ^^#(l45b)) £ #7) ^-^#^-#^#(147)^ wlHel-^^ ^fl^>Jl, 4^ ^12 <3 

<3(147) iflofl afl^m #7l i^.^ <3^1-(145a, 5&b ^.eflo] ^<^l-(l45b)) ^ #7) 
###(147)^ til^ti]. ^.oicH] *H^-*>cf . 

<4i> ##*}- ^S^l STTM 7l^ ±*}S!\ ^.^ wj-^^. ^^^cj-. 

<42> ^x-l, HSZL^ #71 74H ^^(1323)^1 ^r*l TflolE ^oj-^. o] 7 >^JL, #7l cfl 

olEl- e}-<y(i20aHl ^3.=l& 917}^. #71 *M TllolH #7l *fl^ -g-^ 
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^ < a-°l^. °H1 ttj-e}-, ^3 ^ <3<*^ ^-7] 

cflol^ 2}<y(120a)^ #*>-i-ol <#7] iSB^l ^^.(105a)S -fi-«a€^. #7l XH e)-<?l 

(132a)^ ^ 7)]o)^_ ^og-o] fc^fo^^ ? # 7 | ^jls^I t j=(105a) vflofl £*}%o] 

*\#&^. 

<43> tf-g-o.^., 4i7l ^-71 ;*1H e^o](i32a)<Hl ^ XMh #7l 31 

| °M 5f^l(120a)^ ^ #SMr 917}%^. o)6\] n}^, ^7} ^S^^l ic^(105a) t-U^l ^7]-# 

I 

I 

<44> ^l^O.^., ^j7l ^J-71 STTM 71^ ±7.}°) ^11- ^ §>l4l- ^^*>Cf. 

^in^ ^cq ^-71 XH e(- 01(1323)^1 ^ ^-Qr 9\7}*}jl, <$7] ^ «1H el-^^l i 

^ ^<y(^^^°0-)^- ^7>^H, #7] €^ wlH^V 7l§^<y. ( ^^^<y.)^ o] 7> 

#71 XI 51-^1(1323) o]<2]cq ^ ^Jf(i32a)^ #7l iJ^i/^efl 

^ &^^°« Vc >l °j7>^tq-. oiofl aj-71 HlEHl-^l ^ wlHti} ^ ^>i/^efl<?l <3<* 

# (145a, 145b )^ #Bflo] til^^-Efl7> £t}. a, aJ- 7 ] ^-£#3^4^(147) ^ #7l 

i^.^/= efl^ ^ *( 1453, 145b )£. 91^, ^7} hIh^o] ^ alH«> bK1£- a o v 7 ] ^en 

si ^o] ^o^/jELefl^ <3 1- (145a, 145b HI ^^4. 

<45> ^7} ^<y-o. AJ.7] i7 ] ^.^oj-ofl Hl§>o^ ^Jl, #7] HS-Zl^ ^-^^Ml «1 *H 

&7)*\SL£. ^^H, #71 a£o] ±7jQ #Efl<^ ^o. < ^-7] HjE^o]^ efo]^ 

A-lS ^171^ °H, Cf=. Xlcv| S^-ol-i-( 1323Hl^r #7l ^i/H.efl<y ^r^^l^ 

<y7>5l7l nfl-g-ofl, A] EH 51^1 ^ 0^7] f HSZL^ ^7] -^^S ^-B] 
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^lr, A oM ii2.^/=5flo] ^^^og-ol av 7 ] i7 ] Jg-^oj-, n^.^ §-^^oj- ^ ^ ^oj.^ 

<46> £ 4 ifl^l £ 7f £ 3£] STTM 7l <^ i*}^ ^yj-*^ ^s}7l ^ s. 0 ] i^.. 

<47> £ 4# , 71^(101) ^ ^cHl TflolH ^^b|(103), J£^°| 

(105), ^ ^ a^l" ^-^^"(110), i^.^ £^Bi-(112) ^ *fll s|-=n>^3.^(114)^- 

^"71 711 o]B ^^^(103)^r ^^S^ilS. ^ 5^. <*H» ^"71 711 

oib ^^^-(103)^ ^ oi^ a o v 7 ] ^sei^i 51*1 ^(105)^ jg.^ 

^suvo^ ^ olcf. ^-71 Cf^ E^^ ^^(HO)^r «V£^1^-(107) ^ E^^^ 

^(109)^ «1^>7>^A^ ^ ^4. A oM 4# ^nV (110) o} J-)^ 

^-^-(109)^ 4>7l #3E*flsKl07) 5E^r ^-71 Ei^<g^(108)Jl.§. ^ 014. av 71 tiV^^l 

^(107)£: ^ £U^, ^"71 E^^<anV( 108 )^. >£ 7 j 

aVS^nVdoy)^ oflui^l Mfl^ ^ o] 3. ^<gnV ; ^] ^ tfl ( ^5} 3.^S^SV * ^ 91 

<=K A oM ^^.i £^ev(112)^- 5.^*1 #s]^el^-^S. ^ Sflth #7l 

51*1 ^(112)^ ^€ 5U4. A oM afll <5}= 4^3^(114)^: ^sl€-^^^S 

<48> £ 2 ^ £ 5t t^sf^ , #7] afll *>JE.n>^3.s]-(114), £^^"(112), E^ 

^ ^^"(110), ^Sel^l £^^-(105), TflolH ^<a^ v (103) ^ *VE*il 71^(101)^ <d#3 °- 
3- sflsi^M *^^^(119)^- *}^r B^*ll:(115)^: ^^t}. #7) H 31*1^(115)^ <£ 
H o v ^, ^, oq-e^- ^3. «fl*l€^. ^"71 ^^^(119)^: *fll ^<^1-(117) ^ 

^S] ^112 ^^lr(118)^- ^^cf. a o > 7 | ^^(117)^ o]^^. ^- 7 ] B31*ll-(115) A>o] 
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ofl «l]*l£U, A o V 7l ^ ^ XI 2 <8^*(118)£- ^7) ^HHKS-S. tifll^ #7l afll ^^#(117) 

<49> a 0 > 7 ) B^^](115) ^^-» ^7} sfl€(116)* ^^tbrf. ^71 4i7> £-5} sflig 

(116)£r ^2]^^g|o s 3^ 4 s Sa^K 
<50> *fll ^o>i3.^-(114)^- a o v 7 ] ^^.^ £^l^-(112)ol ^#^ttfl^>xl *\Z\i5} 

o^Cf. o]o)} u[^, <#7] i7} 5fl^(116)^ ^5L ^ *fl7i5H A o V 7l iiLi 51*1 

5U112) ^ ^-71 i7} £-5] 3fl^(H6)^ ^^^r ^"^o^ - ol^ 

<5i> a o v 7 | ^o.^ £^BV(n2)-i; g±r ^£Xl7l^r(101) ^ <#*\] c-jjo]^ S.^(120) 

^ ^12 ^^3^(122)^- *HliiL ^^^rtf. ^-7] cH1o]e|- 5L*1^-(120)£: £^ ^e)^E)-^ 
^\ 3=fe ^AVojcni-o.^ 3^3. ^ oicf aV 7 i ^ 2 s->=P>^3.^-(122)^r 

<52> 6-§- aj. 7 i ^2 *>=H^He]-(122), ^Hb}- £^(120), i^i 51*1^ 

(112), Ei^^tJ- #^(110), ^^3*1 £^^-(105) ^ TflojH ^^^(103)* <?!<*r3°. 

5. 5flE^*>^ Tflol^ Sfl^(126)^; Aj- 7 ] ^ojE sflTgo. 3^ Cf^ sfl^ 

(124), ^SL^ 50^(112), cflo]^ el-<?I(120a) ^ ^}=n>^a 5flli(122a)-2.S. if-?!-^. 

A% 5fl€(124) ^ :£_2.^ 5]]^(126)^r ^7] ±-A 2fl€-l-(116) *}o]o\) n^^JL, 

^\°}^ 5}o](l20a) ^ §>=u>^3 2fl^(i22a)^r #7l <H?HJ= ^-7] 2flH# 

(112a) ^ ^1-^- ^7) c-flojE} e}<?l (120a)£r ^7} *fl2 <^#(118)^ ^*S*>cf. # 

7) A% 5fl€(124)^ ^HlS TllolH ;g<£ 3flEi(i03a), ^S^^l t^(105a) ^ ^ ^ 

^^(llOa)^- i^-*l^-. <%7] cf^ B]^^^- ^-^3fl^l(110a)^- «1^1-7>^a^| ti}^- 
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3-2-3. ^3E.*H 4€(107a) 3l 7 A<$ sfl^(108a)-2-S. ^^cf. #7l 4# Ei 

^sfl^i(llOa)^ s|^-^#(109a)^ #7l #5.$) 3flEi(i07a) ^ #7l Jfl^i(108a) 
£.3. ^€ ^ XI tf. #7l ±:iLi 3fl€(112)ol ^€ ^-f , #71 ^olB Hl-<y(120a)^r #7] 

4^ #^ ^CllOa)^ #^3f ^#^Vcf. 

<53> #7l TflojE 5fl€(126)# ^£^71^(101) #<*!) Tfloje ^ o.^^( 130 )^- 

#71 7)1 o]E jg^ ^-^^(130)^ ^Sl^#^-HVO.S. ^ d\]M. CVD 

<54> #71 TflolB ^(126)3} ^<H1 tfl^ #71 TlMB #?i -R-^^"(130) #<fl 

(128)1- ^tt^. #7l ^s||ol^(i28)^ JE^JLS <4M: £.^3 

^^.S. <§>S§ ^ &t|-. o]nfl, # 7 f ^3fl o]Al( I28)fe #71 yVE^l 3fHa=-(i07a)4 cf^ t^o} 
5^§€ *r SU^h ^1# #7l i&lESfl sfl'ei#(107a)°l n-type^l £ 

^£lZL, #71 i»lH ^(128)^7 p-type^l 51^ € ^ $14. SJrcflS, #7l 

i^l ^€#(107a)ol p-type^l SL^gSl^, #7l ^H*| (128)^ n-type^ 

3. 5^§€ <r 5M. #71 ^ol^(i28)fe ^€ ^£ 5UT=f. 

<55> ^ o)X\ (128)1- 5fe tiV£^l7m(101) ^ #°fl *1H 51^(132)* ^^W. 

#71 *1H £^(132)^ £*g£ €^^H]^, £E^r #SlA>olcnV^ S ^ ^- ^ 5^4 

. #71 £^Hl-(i32)oi H 3§^ l-el^^a-^o.^ 3 o. f # 7 | s^eK^)^ 

#71 ^loiA^(i28)2f q-^ eHJs! -i-^-i-s 5=^€ ^ Slcf. 
<56> £ 2 £ £ 7-i- ^S^S, #7l *)H £^°K132)# sflE^^H #71 711o]e 3^(126) 

* 7>S*1 = ^ ^ 21-61 (132a) #71 e)-«*l(132a) *Hf£| #7l %^<^ (119)51 S^JL 

3. ol^^l ^«#( 145a ,145b)* ^^*Vrf. # 7 1 e}-°l(132a)£: #7l afll 
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<3<*!(117) wfl^l€ ^71 4# ^(llOa)^ <M % #7l sfl^l(122a)* £fet]- 

.^-7] 5[£4^a KB ^ (122a) 91 #7l TflolH -fr^«Kl30)^- #7l c-flol^ ej-o] (120a)2|- 

#7l H^(132a)* ^^^mcf. #7l db^.i/=efl<?l 145a, 145b )£- 

(124) sH*-^ -# 7 ) %^^«(H9)^ ^ ^^(140)51 °<Hf4 ^"71 ± 

ii/HJ)l°J ^ 145a, 145b )-£• #7l %^^^(119)^ S.^] £t*l*V^, #efl^ 

<57> o)o]*\, aJ-71 ^)o] e}o](l32a)-i: 4iHS ^}-g-*M ^<^}<*) £ 2 ^ 

<58> (^fl2 ^*H1) 

< 5 9> ^- rf^- ^aHH n}^- STTM 7l^ ^7>^ cf^ ^efl^ *fl<H 5^o] ^ t-fl o] b}- £)-<?l 

<eo> £ 8 ^r ^"^^ c}^ *JaHH STTM 7l<* <4e}-^ ^^£0]^, 5. 9^ 

£ 8^ STTM 7l^ i^}t M-^i^^ ^JE^t}. s_ 9 o\] <£o]^ t ^tLjr « c »±=- £ go] jv-IV' 

"e"^r £ 8^1 VI-VT-t- ^^014. 

<61> £ 8 ^ £ 9* ^S*}^, 4^HH ttj-g. STTM 7)<>j tiVi^7l^r 

(200)^ i^^l tifl^ls]^ ^^^(202)* 4^7^ ^ ^ #(203)* 3. 

^-*h=k #7] ^7} ^ 2fl^(203)^r M%^o]t\.. ^7} ^} 2fl^(203)#£r 
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sfl€-i-(203) *}o]o\] 7 fl7|l^ afli ^^(201a)3l- # ^ *fl2 ^^lr(201b)S T^^t*. # 
7] $ ^ *H2 ^^-&(201b)^ #7j *)U ^^(201a)^ «3=^4 zjzj- 3 4=^}. 



#7l <£^(201a) #°fl 4# 31 H (214) 9J iii 3fl%i(213a)°l afl^l^cf. # 

7l i*} ^-S] 5fl^(203)5q- <y^*V #7l sfl^(214)S] #7l ±-A £-B] 2flHl:(203) 

3 A oHl f^E^- tifl^l^ ^ 5U^. #7l sH€(214)£: °13-*Kr cf^- cf^ 3m (214)4 

>M3. °1^£H oicf. a o V 7 ) tf^ 2fl^(214)^r TflojB ^cg ^11(2053), ^S.e)*l 

ic=(207a) ^ cf^ E^^ ^sfl€(212a)^-S. ^^cf. #7] 7\}o)^ 2j)H(205a)£: 
^Bl^Sl-^S ^ #7l iSel^l i^EL(207a)T7 5^§£ o] 

4= #7l 4^ ^€(212a)^- «i^>7V^A-1 aV^-^ 0.5. 3^ aVE 

31 3fl^d(209a) ^ £<S sflEl(210a)* 3E^tH=K #7] t)-^ E^^ ^^(212a)^ ^ 

#^#(211a)^r #71 3flii(209a) SE^ #7l 3*1)^(2103)^ 4 s SU^k #7l 

5L*fl 3rflH(209a)^ 5L^§ ^ #^^^^o.S °1^<^ ^ ^o.^ t ^-7} ^H(210a) 
£ #7l olE^l ^^(209a)^l «1^ ^ iffl^-g- ^l^cfl, -33 ^3^.2.3. 

t #7] sfl^(213a)^r .£^=1 #&]^sl^^-o.S. 0^0]^ ^ $1 cf. 

71 iii 3zflBK213a)^r ^€ ^r-£ 5^. 

#7l cf# sfl€(214)^ #71 # *fl2 ^^#(201b)^- 7>S^1=^ 

*H°1 Ef<y(22ib)ol yfl^mcf. #7l *iH ^^l(22ib)4 #7l tj-^ ^^(214) ^H^k # 7 l *)H 

Ej-<?l(221b)4 #71 %#<8^(202) A>o]<Hl Tine ^ o_^nV(217)ol 7^4^. #7l *U«H Bl- 
*)(221b)£r S.^, 6fl5&tfl, 5.3$Q 5E^r |2]4°]£ D n^ Ol^o] ^ ^ 

Sa^-°1, #71 TflolH -fr^^-(2i7)^- ^el^#s}-^o.^ ^l^^l^ ^ $X^. ^^5- #7l 1=1- 
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# n ^1(214)^ ^-ofl ^^*1 ^o]^ -fr^sV(217)4 #7] *1H 2^(22^)) ^>ol 

ofl ^H^( 2 19)7}- 7fl7fl€ ^ ^cf. ^1°H(219)^ JE^iUL ol^^l^ ?A°] w>^- 

^-71^ ^21 ^£^171^(200)^: £3, ^"71 ±SL^ s]]Ei(213a)^l tf-^-gr ^# 

a]71^ #^#(228)ol Hfl^l^t^. ^-71 # = ^(228)^r ajf^ ^ll ^ ^2 #^^^^1: 
(225a,227a)S ^€ *r 544. ^oM ^IL^(228)2) ^7] ±3.^ 3fl€(213a)^l 

(213a)S] ^^<?1 #0] aj]*]5j ^ 014. 

^-7] 4€(213a)^ *l\Kr ^o]4 4^1(230a)ol nfl^t].. #7} *\}o}^ 

5}<?l(230a)£r #7] *~$r *fl£tf. ^ ^014 4<?1 (230a)£r <1«^# ^4 «fl<l^ ^ 7 fl 

^ ^"71 2fl^il-(213a)^ A o VJ f ^ ^-71 c-Ho]b|- 4<y(230a)^ JE^K^S. 0} 

^"71 3flli(213a)^ ^-f , #7] 3He}. 4<?](230a)£r #7] 4# #3 

*im(212a)^ ^-^-4 ^^*Vcf. 

^-7] x\% sfl^(214) ^<^1 ^*]*!: ^"71 ^^^(202)3] sg^ ^ <3<3(250) 

°fl ^t^. ^-71 cf^ sfl€(214) <#^H ^^ltl- ^71 *fl<H 5}<?l(221b) ^-71 
(202)2] x^<i ^^l-(251a,251b)ol tifl^l^cf. ±.$L^l^d\<>\ 

#(251a,251b)£r #7l ^ ^x* ^(250)5] °£^o\) zj-zv A oM ^^.^/^efl^l <3 

lr(251a,251b)£r #7l BKl(221bHl ^iL^/2ELefl°] ^-Bi^og-ol ol 7 ^ ^-f , #Efl<y 

ti Jr^ A o^7|- 51 
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3., ^7) HKl(221bHl ti^o] <&7}£\x] g-g- ^Efl7V ^rf. o.s., # 

7l ^^.i/^efl^l <S^*(251a,251b)3. , ^efl^ =£.2.^/= efl<y <$<*^ ^1 

<67> ^"71 *1H B^<y(221b)^ °<Hf^ #7] ^2 <8^(201b)<H| 223 H tifl 

<68> ^ H^l^fe- a o v 7 ] i^E.(207a), B^^th ^^^H(212a), 

sfl€(213a, S^r ^^l(230a)) , ^1 °M(219) % A°\ &Kl(221b)# JL^-^. ^ B 

^I^tt ^-71 i^.^/= efl^l <3<*#(251a,251b), d=.^AA 2n=(207a) ^ ^ *fl^ ^ 
(250)# 31^-^. ^-71 iSB^l i^=(207a)Tr #7] af|<H (22 lb H ^#^1 -R- 

<69> aV 7 ) ^. ^-o} ^ 2 <3^-§(201b) ^ *fl2 <3^(201b) ifl^ #7) 

(223) % ±3-^ ^^lr(251a, HL^ :E.efl<y ^ ^#(251b))^r «1H e}^* ^ ^7} *V 

^ ^ 2 <8^S(201b) ^ *>q-^ 7fl2 <3<3(201b) v)H tifl^m *^**H!:f^(223) ^ 

<8^(251a, SE^r JEL3l<y «^^#(251b))^ «lBw}- e}-°]-§: ^^t)-. 
<70> ^-71 iSe}*! ^=(207a) iJW ^^>-i-ol ^7fl^- ^-f , #7l ^°l(221bHl ^7>^ 

^ ^-^^oj-o] ji ) av 7) i£s ^l ^(2073) ^^fl^l & 

# 7j-f, ^-71 afl<H £}-o](221bHl ^7>£l^ 4i7j ^ °1 . H^*l 

^i^^ov^ ^ ^-^^<y-ol^, ^-71 ^i/=efl<?l ^^-i- (251a, 252b )# 

ns. >£3H *)H ^ (221b) 2] ^"71 4i^.i/^efloi ^^<y-o]^ ^^^tf. 
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<7i> #7l ^.2.^/^efl^l €-«J*ltf£- ^7} ±7] ^ H^n^ ^^^oj-s-oii a l*M ^ 

«>^*>^. 5E*h ^-71 ^^/^efl<y ^-^^^ ^A *m «1*H v£o. ^ 

<72> *V^, ^7] imel^l i^E.(207a), #7] i^.^ sfl€(213a, SE^ cIMeJ. ^<?](230a)) ^ 

#?1 E}«y(221b)^r *1U 51*1^ *£"8"&3. SL^^Jl, #7l #51*11 2fl^(209a) ^ #7l 

^^1^1^(219)^ *H2 JE3l*83 1:^1-5. JE^gli ^ 5£<=h o)o\] , ^7} ^ *fl^ 

< 73 > STTM 7l^ ^7>^ #7] e|^l(230a)ol #7l *)H e}-^ (221b)£l # 

w-ofl Bfl^^Cf. STTM 7}<% i^b ^ ^Hl^ H o v ^AS ^ oit}. 

<74> £ 10 vfl^l £ 15^ 5L 9^ STTM 7} ^ ^t}2) ^^wj-^^. ^^l c^£#ojcf. 

<75> SL 8 ^ 5L 10^: %^*>^ , #5131 71^(200)21 ^ <g *M1 %^^^(202)# ^8*Rr ^■ 

^7fl^ ±7} sfl^l-(203)^r ^"71 ±7,} 3flig#(203)£- ^, <1« 0 >^ 

■i- ^A *lS o^s^ afl^l^cf. ^-71 *^<^^ (202)^ 91 ^7} ±7} ^ 3flE}-i-(203) 
^}°H1 7fl^^ ;*)U <3<*!(201a) ^ ^-71 *fll ^^Ola)^ °<HH ^ ^ ^^t!- *fl2 

^^#(201b)S A oM # *$r°] 7\)2 ^#(201b)^ ^"71 4^ «ti*m 

7flsi <3-3!-(20lb)^ ^1-4 AA 3^r^h 

<76> Aj- 7 ] ^ *m?I #(203)^1: #5131 7l #(200) ^ ^Hl 7ll°lH ^^(205), i 

£El*l £.£^(207), ^ B]^^^- ^^(212), ^5l^ 5L^^-(2i3) ^ ^tj}^ =3.131- (215) ^g- 
*HlS. A o V 7l 711 °1H ^^^(205)^: ^^S^O.^ ^ * ^ ^^-^ , #7l i£ 

Bl^l 5L^BV(207)^ 51^ £ #5l^el^nVo. S ^ 014. #7] t\^- ^ ^ 
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(212)^ ^^> 7 >^a^| 3#€ a}£^l^-lr(209) ^ EH£^£**M-(210)* i^tbcf. 

#7l 4^ El^^^ ^(212)21 2}#^(211)£r #7l ^£^^-(209) Ei^^^^-(210) 
£.3. «§#^- #7l ti}£^l^-(209)^r 5L^§€ ^Bl^el^-S-S. *§#§ ^ Sl^, #7l 

E^^<gnv ( 2io)^- #7l tiVS.^ ^-(209)^1 al^H *flul*l yfl^^o] 3. ajo^, ofl^cjl, 
llsKK^ ^ Slnf. #7l £^1^(213)^- §s]-^sl^-^S ^ 

<77> S. 8 ^ 3E. 11-i- %i-2i*>^ , #7l §l-cp^ a oV(2i5) ) £^^(213), 

^j- ^-^^-(212), iSel^l £^[^-(207) ^ 7lHH ^^^"(205)1- <S^^S sflE^*>^ #7l 
*fll °J^(201a) #<*l| A% 3fl^(214), ±.£L^ sfl^i(213a) U A sfH^iH sfl^ 

(215a)* ^^t>cf. #71 3fl€(214)^: *>3fl3. 7lHm 3fl€(205a) iSe]^l 

^=(207a) ^ ^ #^ ^ €( 212a) ^#^nf. # 7 1 4^ tH^tl" #^ ^fl^ 

(212a)^r ^^V^i o_^. sflll(209a) ^ s. ^ 2flH(210a) ^ 

<78> #7l sfl ^#(214, 213a, 215a)* 71^(200) ^ #°fl TlMH f-?> -B-^ 

(217)-i- ^W^. #71 Tflol^ ^ -^^^(217)0. ^^^-AVsl-^-o.^ ^ o^cf. #71 

sfl^ilr(214 ) 213a > 215a)5l ^o\) t$i$Q ^- 7 ] j^o)^ ^-^bV(217) #°ll ^} o}*\ (219)* 

*l# #71 ^H-*U219)^r iE^l^O-sL ^ sa^K 1"^, £^ #21^^^-^- 

<79> #71 >i3llolA-l(219)l- £±r «>£^1 71^(200) ^ #<^1 £^^"(221)* ^#W. 

#7l *1H £^^-(221)^ ^Sl^^^-^S. 91^. 
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<80> ^7) tiV^^l 2fl^§(209a) ^ *1H £^ev(221)^ ^-^s.^ ^ 

<8i> IE 8, £ 12 ^ 51 13^: ^S*}^, #7l 51^(221)^8: ^jEl^sH ^7] t\%- 

sfl€(214), i^.^ 3fl ^ (213a) ^ ^n> i2 2fl^(215a)* ^i, ^7] ^ *fl2 
(201b)^ 7>S^s^ ofln] ^o] e^-o] (221a)^r °H . #7l cf# *M(214) <#«H ^ 

i^/^efltl ^^l-(251a,251b)^ A o v 7] i^i/^efl^ <3^-I-(251a,251b)£r <$7] <A] 

a] *1H e^o](221a) #7l «^ <g <*! (202)^ X^ilS. o]^o]^icf. ^o^/c^o] 

c §^l-(251a I 251b)^r ^"71 4^ sfl€(212a) *}^-^ ^ ^<*(i 50 )^ oj:^6|] ^^^rf. 

^"71 ^^.^/^.eflol <^ ^1; (251a, 251b )^8r A o v 7l <3 (202)2] , ^2fl^ 

<82> ojo^, Aj- 7l ^o] ^-«y(221a)* AV-g-^ o]^s.^- ^oi5>c^ ^- 

71 oflti] 5]-«y(221a) <£^o} -8-71 ^12 <^l-(201bHl ^ 5H*#(223)# 

. ^#^-^(223)^ «lHej-<y SE^ a] H £}-<?] H^f^-* ^^*Vcf . 

<83> 1:^1-^-^(223)^: ^ 7] #(200) ^ ^Hl *fll ^^^^^(225)^- ^ 

tl-cf. ^7) *fll #^>^<a^-(225)^: ^^^s)-^-o_S ^ oicf. 

<84> 4V7I ^11 #^-^^^-(225), o\}v] *|H efol(221a) ^ 7]}o)^ °-^( 2 l7)-§r #7] 

5]]Bi(215a)ol ^ft^-A]^^ *)H s}.oi(221b)^- ^t!:^. 

5}- 91^, ^7} ^^1^^^(2253)^- #7l *KEL*}^i3. 3flH(215a) ^\o]2\ 
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#7] *IH ^^(2215)^ °^-g- ^ ^7] ±3\}o}*] (219)^1 ^7}- #7l ±SL^/ZL$] 

o] ^^l r (251a ) 251b)-& ^-71 ^^l(221b)^ &<&(^£_^/^$]<£ ^-^^i^)^ <?]7> 

€ ^4", €^8: ^-Bflo] ^-Efl 7 }- £)JL, ^7} *1H S}o](221b)^l ^7>S]^ &-g- ^ , 

<85> £ u-i- ^s}^ , ^7} ic#sl 2}oi(221b) ^ ^-71 isfl ol^(219)l- ^d^^jo^ 

5^1^*Vtf. olofl rrfs}-, el^li^ e}o](221b) ^ ^3H*1 (219)^ 4 Vl S£r ^E.*}^ 

3 2flEi(2i5a)^ iLt} ^ ^o]^. ^rf. o^a^ ^1-7] #^:^^^-(225a)-g- 

o_$_ + o)x^ > ^7] ^M)^ #*M<asV(225a)£l #7) ^M}^ *M 

BK](221b)£l ^ iL^ 

<86> olo^, ^2 f^<S<*K227)-g; «V£^l7l#(200) ^ tfofl ^t^. A o v 7l *fl2 

<87> £ 151- #7l *fl2 #^]-^^^(227)^- ^S^H ^7) *}ILv\^EL sfl^ 

(215a)£] ^^-i: t#X|5[lcf. ^v 7 ] e)^]^^ ^1 ^^>^<^^(225a) ^ #7l ^jr).^ ^ 2 
^^^-(227a)^ §E#(228)^§: ^7} 5}£n}ia 3m(215a)* ^7] iii 

5fl€(213a)0l t#^0)]^l ^e»^ o_^. A1^>C^ ^71^. °H1 <#7] 

(228)°M, u}^o] ^-7] ^SL+ 2fl^l(213a)2l ^^o] ^.0} ^jgt}-. 
<88> £ vflJjL-i- ^o.^ £.^(230)* «>£^7l^(200) ^ofl ^th}. 

£^^(230)^: Hi^r f^Afol n nVo ^ tgsgig ^ $lcf. 

<89> ^-71 iHlolEf £^^(230)-g: sflE^sH 51 8 ^ 51 9<H] E^s} 3Mb)- e>ol(230a)# ^ 
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<9i> ^#*V £o| , .g. ^ofl n}^ STTM 7l<* ^^>^ cf^ °<HH wfl^£]Jl, *lH 
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1] 

^■71 tH£ 411 <#€H1 ^ #7l *IH eq-oi -*7l s^o. 

S. o}^o]^ £Leflo] <3<*; ^ 

7] <3 ±7,}. 

2] 

l %H1 &W>H, 

^•71 *fl<H 5}*]^ ^-71 ^ 3X)]^i A o Hl <^]*V Aj-71 djolEl- tf-^ 7>ii*l , 
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3] 

4 2 *M &<>H, 
4] 

^ 2 iHl 

^•7] ^M-^-e]^ <S#£H ^7f^-el^4 ^tt ^71 sfl^^l =t^4 

^* ^ ^ 7>^t!- 27fl^ E^7)AEl ^7>. 

5] 

^ 1 *<H1 

7fl^ H^^l^Ei 7l<3 dl7>. 
6] 

7] 
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^-S), ^-71 Sfl^^r >S"7l 4# ^°\] ^^-1: ^ ^-2-3. *Kr 

^7}^*}- 27fl^ B^l^ 7}<% 4l7K 

8] 

Xl 1 5a°H, 

cf# ^ a c v 7 i Tflc-lB ^71 *1H el-o] a}o]o]1 

7fl^fl^ i^olAil- t>) 5£^>S), #7) iSilolA^ JE^O.^. °l-f-<H*l*r ^ ^SLS. ^ 
71-^*1 27fl^ B^l^Ei 7l^ i*}. 
9] 

^ #^7>^t!- 27fl<^ H^1^E| 71^ 4i7>. 
10] 

*fl 1 &*\*\, 

[3^* 11] 

XI l %H] 5a<H>H, 
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^ °J^-§: €^^1^1^ ^^oj-o]] ul^H ^ ^* ^ ^^7>^tl" 27fl2l H^l^ 

71^ 4l7.>. 

12] 

*ll 1 iHl 31°]*}, 

#71 Bj"*l °<Ht^I #71 A}2 <8 3* tfl^l ^-^h tifl^l^ l-^#^#^^- Ci S^*Kr 

^<L£- Hfc ^±7f^^ 2711^1 H^^l^Bl 7l<*j ^7}. 

13] 

ti_VH^7l^l *fll <§<*\3\- #7l 7)U <^^2l <#^3\- ^^>JL A^S. t£ ^ ^ 2 eg 

^-#£ #^°<^-& tb^Hr 271121 i^l §-el sHU-i-^, #71 *fll <3<* 

#71 4# 4*2 #-§- *H-Rr dl^lHl- 5l-<y, *\o]^ C}^ sflE]^ <g^rt|. gji a o V 

71 ^ sflBj o^o} ^. 7l ^ 2 7>^m Jfto] e^-o] ^, #71 t}# 3flH <£^ofl #71 

*1H 5+^ #71 #^<^« ol^ol^l ^^/JELeflo] cg^^ ^7ll# 
i^Rr ^^7}^ 2711^1 H^^l^Ei 71 «^ ^7>2] ^yj-tt^ 
14] 

*fl 13 

#71 ^-el Sfl^uZj- ^ sflE^ ^#<5Rr #7fe , 

^*Hfr ^7)1; 
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^7) cf^ Ei^^*J- ^9[ i a £2 ]x1 JE^^-, 3HB *i<3^ ^ a>iE^7l^ <g#3 

aflE^sH A o v 7l *^Rr 2711 si B 31*11- ^*Rr #31; 

#?1 zi- b 31*1-1-* *fl-Hr ^-el sfl^i^r ^*Rr #31; §2 

A oM ^ Ei^^f}- ^SSl^l ^ 3l°lH ;g<£nV-g- <£^3 O.^ 3^*} 

<3 A cM 3U <g« ^d\] TflolH ajcg 5}]EH ; ^S.el^l ^ Cf^ E^^ ^ 

i!5L X\% j^-g. #311- 3L^-*Rr ^HJiLS #b ^d^7>^tb 2711 ^ j= 
^1^ 71<^^>S1 

15] 

XI 14 *M 9X°]*\, 

<#7] HSfi^l* ^^*>7l #31, 

^71 t}^ E^^ Aj-ofl iE^nl-l- *§^ § Kr #31# E-l ^^1-51, ^7) 

3m# #3m, #7i ^^.i e^^^- ^sEi^i s^i^ 

^ 3MH ^^o, o§^O.S. 3JflE^§><^ ^-71 311 ^ ^>31 ^ 31^ ^ 

31 #* ^*Rr ^* ^ «5}^r ^7}^ 2711 si B^fl^liE| 71^ ^7}°) 

i6] 

31 14 %>31 $a<3*l, 

A oM Cf# 3m ^ ^"71 C-flolBl- El-#* ^*Rr #31^, 

A cM ^^El°l-# ^ #£3l7l# ## ^ 0 H1 31 °1 Ef JE^M" ^ 
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#7] C1HE]- S.^, 3^3^ ^ TflolH ^ 

*\SL£. n*\^f>}<$ ^7} m ^ ^"71 4# 4 €4 #71 . Sfl^i ^]M-^ cflolEf 

^}°J# ^*Rr ^T^l» 5L^*Hr 3* f^^-S afe ^7>^«1 27fl 2] B€^l^ 7)^ ±7} 

17] 

*n 14 

#7] t}«* Hfl^i ^ CflolE* B}o]# £fe ^£7fl7l* ^ TflolH -B-^^-* *g 

^*Rr #7fl-fr 3 ^*Rr 3J-§r *>fe- ^4l7>^tb 27fl^| HSE^] — E 1 71^ 4l7>2] ^ 

18] 

17 5^1, 

±.7}^ 27fl^ H^^l^El 7}<q ±7\S] ^^« 0 >^. 
19] 

*n 18 ^hi sa^^i, 
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4i7>^*l 27flSl H^^l^ dt*>9 ^^ u o V ^. 

20] 

^ 14 %H1 &<>H, 

*)H ^ ^ ^i/^efl<a <39« ^*Hr #7fl^, 
Aj-7l cf^ ^fl^ ^ ^-71 c-flojE} 5}<y^ ^ tiVsi^l^ ^*\) SL^^H" ^ 

±r ^^7}^ 27fl^ 719 4i7>9 

21] 

13 *M S^i, 

^"71 db7> rf^ afl^^ ^-Tj]^, 

^*Rr #31; 
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A oM 4^ E^^tl- ^S^^l S.^ ^ TflojH ^o^nj-^- <£^o_3. sflB^*> 

°* A J"7l *1]1 <3<3 ^ 0 H1 #7] 3^*Hr £^-*Rr 33 -I- ^8 -2-3. ^ 

[3^* 22] 

*fl 21 * 0 H1 , 

-2-^ 3fl€^- ^§^Rr ^ ^^-S ^7}^-*V 27fl 9] E^fl^iE] 7l<^ 4:7} £] 

23] 

19 %H] 91°]*], 

^Wfe 3* ^ ^7]-^*!- 27^ H^^^E] 7]^4l7>o) 

[^D" 24] 

*fl 23 *M 91°]*], 
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7}^ 27fl^ H^fl^l^Ei 71^ ^>S] 

25] 

±.7\^% 27fl^ H^^l^ 7]<3 ^Vfil ^«<^. 

26] 

A 21 %H1 5a«H^, 

Aj-71 cf^ sflEl #JjL Aj- 7l ^ 2 7}^]=^ ofltil *)H 3m 

€ 3*1^ A oM ^«.cq ^- 7l ^<£o^ ^0_S_ 7J-7J- o]^d\^ ^ 

^/^.eflol <^^§- «g^«Hr ^711; 

-*7l oflHl Sfo]# ^ ^>£^l7l* ^ofl *fll f^^Sj-g- ^*Rr #7fl; 

^•71 A]l %7^A^ 5? oflH] ^ g^-ol-g- a o V 7 ] irflli^ ^.tL^o] ^#^ufl7> 

*1 ?H #7l cf^ sflig^ €=oa# *1H Bj-ol^ ^fiHr ^7^1; 

A d-7l ^sHS A]l %-7\^^ ^7) nflBl A\o]d\] A o V 7 ] ^ eKl-g. ^Afl 

^*Rr #7)1; 
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27] 

*fl 13 %H1 

^"71 *1H eJ-Sl-g- ^iaS *}-g-3H tr£# °l£l~§: #7l ^ <#^«] 
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